(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 0 537 003 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
07.01.1998 Bulletin '1998/02 

(21) Application number: 92309179.7 

(22) Date of filing: 08.10.1992 



(51) intci.6: C08G 77/46, A61K7/48 



(54) Siiicone polyether aikyi copoiymers 

Polysiloxan-Polyether-AlkyI Copolymere 
Copolymeres polysiloxane-polyether-alcoyle 



QQ 
CO 

o 
o 

CO 

o 

Q. 
LU 



(84) Designated Contracting States: 
BE DE ES FR GB IT NL SE 

(30) Priority: 10.10.1991 US 774444 

(43) Date of publication of application: 
14.04.1993 Bulletin 1993/15 

(73) Proprietor; GENERAL ELECTRIC COMPANY 
Schenectady, NY 12345 (US) 

(72) Inventors: 

• Raleigh, William John 
Rensselaer, New York 12144 (US) 



• Thimineur, Raymond Joseph 
Scotia, New York 12302 (US) 

(74) Representative: Szary, Anne Catherine, Dr. et al 
London Patent Operation, 
GE international, Inc., 
, Essex House, 
12-13 Essex Street 
London WC2R 3AA (GB) 



(56) References cited: 
EP-A-0125 779 
DE-A- 3 622 571 



EP-A- 0 310 903 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Conventbn). 



Printed by Jouve. 75001 PARIS (FR) 



EP 0 537 003 B1 



Description 

The present invention relates to novel polysiloxane-polyether copolymers and their use In stabilizing wat6r-in-oil 
emulsions, such as polishes and antiperspirant compositions of the so<alled dry-feeling type, comprising an emulsion 
5 of water in a volatile, waterinsoluble liquid. 

BACKGROUND OF THE INVENTION 

I 

A variety of polysiloxane-polyether or polysiloxane polyoxyalkylene copolymers are known in the art, and the co- 
10 polymers have found many uses including the manufacture of polyurethane foams and emulsification of one of a pair 
of immiscible liquids in the other, such as water-in-oil, oil-in-water and oil-in-oil emulsions. 

The use of polysiloxane surface active agents comprising.organic polyether groups to stabilize emulsions is well 
known. United States Patent No. 4,421.656 disclose terpofymeric polydiorganosiloxanes as stabilizers for solids-free 
invert emulsions for the deep well-drilling art. United States Patent No. 4,254,878 uses a polysiloxane surface active 
IS agent to stabilize antiperspirant stick compositions. United States Patent No. 4,218,250 uses such a polysitoxane 
surface active agent to stabilize polish formulations. United States Patent No. 4,268,499 uses such surface active 
agents to stabilize antiperspirant emulsion compositions. Further, United States Patent No. 4,311,695 uses such sur- 
face active agents in personal care creams and the like. 

EP-A-3622571 discloses polyoxyalkylene-polysiloxane block copolymers for the demulsification of water-in-oil 
20 crude oil emulsions. 

EP.A-0310903 discloses polysiloxane-polyether copolymers used as thickeners suitable for thickening cosmetic 
and pharmaceutical preparations based on hydrocarbons, ester oils and vegetable oils in amount of 2 to 10% by weight 
based on the oils. 

EP-A-0 125779 discloses organopolysiloxane -polyoxyalkylene block copolymers having a limited riumber of 

25 dimethylsiloxane units, at least one 6 to 16 carbon alkyi radical and at least one polyoxyalkylene radical, which are 
good emulsifiers for preparing water-in-mineral oil emulsions if the polyoxyalkylene radicals do not account for more 
than 1/3 of the molecular weight of the block copolymer. The block copolymers are readily dispersible or dissolvable 
in mineral oil to which a personal care component can be added. Personal care emulsion compositions can fhen be 
prepared by emulsifying an aqueous phase into the mineral oil phase. 

30 Special mention is made of United States Patent No. 6,008,103, which discloses polysiloxane containing organic 

polyether groups. However, the polys iloxanes of the present invention have improved stability when employed with 
mineral oils, cyclic methylsiloxane fluids and the like in water-in-oil emulsions. 

Polysiloxane surface active agents are sometimes referred to as polysiloxane-polyoxyalkylene copolyrhers. How- 
ever, their use to date as stabilizers for silicone emulsions, particularly water-in-oil emulsions, has not always been 

35 completely satisfactory because the variables affecting their function are not well understood. Water-in-oil emulsions 
which contain high concentrations of salts or other ionic materials are often particularly difficult to stabilize. The problems 
encountered in formulating emulsions of antiperspirants in volatile fluids are exemplary of this. 

Antiperspirant compositions are well known in the cosmetic art. These compositions are formulated as aerosols, 
gels, sticks, creams, pump sprays and lotions and comprise an astringent, typically comprising one or more zirconium 

40 salts and/or aluminum salts, in various forms such as dry, impalpable powder, an alcohol solution or an aqueous so- 
lution. Of these various forms of astringents, the aqueous solution is generally considered to be the most effective 
antiperspirant. 

An antiperspirant composition having water as the continuous phase, such as an aqueous solution of an astringent, 
or an oil-in-water type emulsion thereof, is less desirable because it tends to feel wet when applied to the human skin 
45 and to go through a tacky state during the drying period after application. Therefore the use of water-in-oil emulsions 
to apply antiperspirants to the skin has found favor. 

United States Patent No. 4,122,029 discloses water-in-oil type compositions having broad utility and comprising 
a polydiorganosiloxane-polyoxyalkylene copolymer and a water-in-oil type surfactant. When formulated as an antiper- 
spirant emulsion of an aqueous solution of an astringent such as aluminum chlorohydrate emulsified in a volatile, non- 
50 aqueous continuous phase, these compositions have a desirable dry feeling when applied to the human skin. 

United States Patent No. 4,268,499 discloses compositions described as having greater efficacy than those of 
United States Patent No. 4,122.029. The efficacy was determined by applying compositions to subjects' wrists and 
measuring the time required for the composition to dry and turn white. 

Another type of water-in-oil emulsion which has found favor with the public is polishes, particularly for furniture. 
55 One drawback to furniture polishes which utilize organic or organosilicone surfactants comprising long chain oxy- 
alkylene residues, particularly long chain oxyethylene residues, is that the surfactant may tend to attack the finish of 
the article to be polished. This is particularly the case when the finish is based on nitrocellulose lacquers, since glycol 
ethers are solvents of choice for nitrocellulose finishes. 
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There has now been found a' novel iamily of silicone polyelher/alkyi copolymers which exhibit significant improve- 
ments in forming a wide variety of water-in-oil emulsions for use in products such as ant iperspi rants, hair shampoos 
or conditioners, hand creams, lotions, tanning oils and polishes (auto and furniture). Surprisingly, water-in-oil emulsions 
employing the silicone polyether copolymer emulsifiers of the present invention, exhibit significantly improved stability 
5 over prior art emulsions when emulsified with mineral oils, cyclic rhethyl siloxanes and other oily phase emollients. 

SUMMARY OF THE INVENTION 

According to the present invention there is provided a silicone polyether alky! copolymer water-in-oil emulsifier of 
10 the general formula: 

IS wherein: M represents trimethylsiloxy endcapping units; D' represents alkyi siloxy units of the general formula (CH3) 
R'Si02/2 where R' is an alkyI group having from 6 to 30 carbon atoms; D" is an oxyalkylene siloxy unit of the general 
formula (CH3)R2si02/2 where R^ is a polyoxyalkylene ether residue of the formula -(R^)p-(OR^)n-OR5 wherein each 
individual R^ Is an alkylene radical having from 2 to 6 carbon atoms, is an alkylene radcal having from 2 to 20 
carbon atoms, R^ is a hydrogen atom or a hydrocarbon radical of from 1 to 12 carbon atoms, n has a value qf from 5 
20 to 20, and p has a value of zero or 1 ; and x is from 1 to 29 and y is from 1 to 29 with the proviso that x+y is from 2 to 30. 

Preferably, x Is from 1 to 20, y is from 1 to 20 and x+y is from 1 5 to 25. MosX preferably x is 16, y is 4 and x+y is 20. 
Also according to the present invention, there is provided a process for preparing the silicon polyether/alkyi copol- 
ymers of the present invention, the process comprising the following steps conducted in sequence: 

2S (a) reacting a silicone hydride fluid of the formula MDqM (I); wherein M represents trimethylsitoxy endcapping units, 

. D represents methylhydrosiloxy units and q represents an integer of from 2 to 30, with a first portion of an alpha . 
olefin of from 6 to 30 carbon atoms preferably 8 to 15 carbon atoms to form a compound of the formula: 

30 . MD,,,D',M (II): 

wherein M, D and q are as above defined; D' represents an alkylsiloxy unit of the formula CHaR'SiO wherein R* 
represents an alkyI radical of from 6 to 30 carbon atoms and f is frorn 1 to 29; 

(b) reacting a compound of formula (II) with an allyl polyether ol from 2 to 12 carbon atoms to form a compound 
35 of the formula: 

MD^.,yD',D'yM (III); 

wherein M, D, D', q and f are as above defined, and D" represents an oxyalkylene siloxy unit of the general formula 
(CH3)R2Si02;2 where R^ Is a polyoxyalkylene ether residue of the formula -(R^)p-(OR3)n-OR5 wherein each indi- 
vidual R3 Is an alkylene radical having from 2 to 6 carbon atoms. R^ is an alkylene radical having from 2 to 20 
carbon atoms, RS Is hydrogen or a hydrocarbon radical of from 1 to about 12 carbon atoms, n has a value of from 
5 to 20, and p has a value of zero or 1 , and y is from 1 to 29; and 

(c) reacting the compound of formula (Ml) with a second portion of said alpha olefin to form a compound of the 
formula: 

MD'jjD"yM (IV); 

SO 

wherein M, D', D" and y are as defined above, and x is from 1 to 29 and is equal to q-y; and wherein said steps 
(a), (b) and (c) are carried out In the presence of a small effective amount of a catalyst for effecting said reactions. 

DETAILED DESCRIPTION OF THE PRESENT INVENTION 

£5 

The novel polysiloxane copolymers of the present invention are long chain hydrocarbon -mod if led polydiorganosi- 
loxane polyoxyalkylene copolymers containing polydlmethylsiloxy groups, on average at least one long-chain alkyl 
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(methy!)siloxy group, and on average at least one polyoxyatkylene group, having the general formula 

MD'^D-yM 

5 

wherein: 

M represents trimethylsiioxy endcapping units; i 
D' represents alkyi siloxy units o\ the general formula 
10 . 

(CHglR'SiOg;^ 

where R* is an alkyi group having from 6 to 30 carbon atoms; 
15 D" is an oxyalkylene siloxy unit of the general formula 

(CH3)R^Si02^ . • 

20 where R2 is a polyoxyalkylene ether residue of the formula * 

.(R^p.(OR^)„-OR^ 

25 wherein 

each individual is an alkylene radical having from 2 to 6 carbon atoms, 

R4 is an alkylene radical having from 2 to 20 carbon atoms, * • 

RS is a hydrogen atom or a hydrocarbon radical of from 1 to 12 carbon atoms, 
30 n has a value of from 5 to 20, and 

p has a value of zero or 1 ; 
x is from 1 to 29; and 
y is from 1 to 29; 

35 with the proviso that x+y is from 2 to 30. 

M represents hydrosiloxy endcapping units. M is generally of the formula (CH3)2R®Si02/2 where R® may be an 
alkyi group having from 1 to 30 carbon atoms. 

Preferably the radical R^ of the end-blocking group M is a lower alkyi group, or else an alkyi group derived from 
the olefin used to form the R' groups of the D' moiety, or an R^ group derived from the polyether used to form R^ groups 
40 when the polysiloxane containing silicon hydride groups is end-blocked with dimethylhydrogen siloxy groups. It is pre- 
ferred however to utilize a polysiloxane starling material which is end-blocked with trimethylsiioxy groups, in which 
case R® is methyl. 

D' represents alkyi siloxy units of the general formula (CH3)R'Si02/2 where R' is an alkyi group having from 6 to 
30 carbon atoms. Preferably, R' is an alkyi group of from 8 to 18 carbon atoms, and most preferably, R' is decyl and 
45 D' is methyldecylsiloxy. 

The preferred pblyoxyalkylene R^ segments consist solely of oxyethylene units of the formula -CH2-CH2O-, i.e. 
R3 is ethylene. It is further Important herein that the number of repeating units of -OR^-, i.e., the value of n, be between 
5 and 20. Thus, in the case of ethylene oxide as the repeating unit, the molecular weight of R? should be less than 
about 900. The preferred value of n is from 10 to 15. which likewise for ethylene oxide provides a molecular weight for 
£0 r2 of no more that about 700. 

R4 is the group which bonds the polyoxyalkylene segment to the polysiloxane. R^ may be -CH2CH2CH2-, -CH2CH2-, 
-CHgCHgCHgCHg", etc. Preferably, R4 is -CHgCHgCHg-. When "p" is zero, the segments are joined by -O- which is the. 
product of a condensation reaction between a condensable substituent on the polysiloxane and a condensable end 
group on the polyalkylene oxide. Although the compositions of the present invention are not soluble in water, and 
ss therefore not subjected to vigorous hydrolysis conditions in emulsions employing the compositions of the present In- 
vention, it Is preferred that "p" be 1 , avoiding the use of the hydrolyzable carbon-oxygen-silicon bond to link the poly- 
oxyalkylene residue to the polysiloxane chain. 

R5 is the terminal group of the polyalkylene ether. The type of R^ is not critical and may be selected from hydrogen. 
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methyl, ethyl, propyl, butyl, phenyl and acetyl. Preferably is hydrogen. 

A particularly preferred alkyi siloxy unit D" is methyl polyethcxy siloxy having an average molecular Weight of 
from 300 to 800. 

The copolymers of the present invention have values tor x and y which are independently each from 1 to 29 and 
s are required to add up, x+y, to from 2 to 30. Preferably x and y are each independently from 1 to 20 and x+y is from 
15 to 25. Most preferably x is 16 and y is 4. 

The present invention is also directed to a novel method for forming the silicon polyether alkyI copolymers of the 
present invention. The novel method comprises the following steps conducted in sequence: ^ 

10 (a) reacting a silicone hydride fluid of the formula 



20 



25 



30 



40 



45 



50 



m^t\A (I) 



vyherein: 



M represents trimethylsiloxy endcapping units, 
D represents methylhydrosiloxy units and 

q represents an integer of from 2 to 30, ^ 
with a first portion of an alpha olefin of from 6 to 30 carbon atoms to form a compound of the formula: 



wherein: 



M, D and q are as above defined; 

D' represents an alkylmethylsiloxy unit of the formula 



CHgR'SiO 

wherein R' represents an alkyI radical of from 6 to 30 carbon atoms; and 
f is from 1 to 29; 

(b) reacting a compound of formula (II) with an allyl polyether of from 2 to 12 carbon atoms to form a compound 
of the formula: 

MDq.,.yD',D-yf^ (III) 



wherein: 



M, D. D', q and f are as above defined, and 

D" represents an oxyalkylene siloxy unit of the general formula 



(CH3)R^Si02;2 



where 

R2 is a polyoxyalkylene ether residue of the formula 
55 -(R^) .(OR^)„-OR^ 



wherein 
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each individual is an alkylene radical having from 2 to 6 carbon atoms, 

is an alkylene radical having from 2 to 20 carbon atoms, 
R5.,is hydrogen or a hydrocarbon radical of from 1 to 12 carbori atoms, 
n has a value of from 5 to 20, 
s p has a value of zero or 1 , and 

y is from 1 to 29; and 

(c) reacting the compound of formula (111) with a second portion of said alpha olefin to form a compound of the 
formula: 

10 

MD*^D"y(^ (IV) 



wherein: 

1$ 



M, D*. D" and y are as defined above, and 
X is from 1 to 29 and is equal to q-y; 



and wherein said steps (a), (b) and (c) are carried out in the presence of a small effective amount of a catalyst for 
effecting said reactions. 

The method for preparing the polydiorganosiloxane component generally comprises reacting a methyl siloxane 
having terminal and/or in-chain silicon-bonded hydrogen atoms with a first portion of an olefin having from 6 to 30 
carbon atoms, such as 1-octene, 1-decene, 1-octadecene or -dodecene, then with an olefinically terminated polyoxy- 
alkylene, such as polyoxyethylene, and then with a second portion of the alpha olefin, all in the presence of an effective 
amount of a platinum-containing catalyst, such as a chloroplatinic acid, i.e. H2RCIe-6H20. In this method the first 
portion of olefin, the olefinically terminated polyoxyalkylene, and the second portion of olefin are reacted sequentially, 
first portion of olefin first, with the methylsiloxane containing silicon-bonded hydrogen radicals. It is to be understood 
that the polydiorganosiloxanes that have been prepared in this preferred manner can contain small amounts of unre- 
acted olefin and/or olefin-termtnated polyoxyalkylene. 

Any catalyst known to those skilled in the art for effecting the copolyrnerization reactions of the present invention 
may employed herein. These catalysts are described in the literature, e.g., Lamoreaux, U.S. Pat. No. 3,220,972. Plat- 
inum based catalysts are preferred. Preferably the amount of catalyst is present in an amount ranging from 0.05 to 0.5 
weight percent based on the weight of the starting hydrogen silicon hydride. 

In preferred embodiments, the first and second portions of the alpha olefin represent substantially equivalent 
amounts of the same alpha olefin. Most preferably the alpha olefin is 1 -decene and the allyl polyether is an allyl initiated 
all ethylene oxide polyether, hydroxy capped of average 550 molecular weight. 

The silicon polyether alkyi copolyniers of the present invention can be used as emulsifiers to form the novel water- 
in-oil emulsions of the present invention. The novel water-in-oil emulsions of the present invention generally comprise 
(A) from 10 to 50 parts by weight of an oily phase; (B) from 40 to 80 parts by weight of a discontinuous phase and (C) 
from 1 to 15 parts by weight the silicon polyether alkyI copolymer emulsifiers of the present invention. 

Component A of the water-in-oil emulsions of the present invention can comprise a wide variety of emollients, such 
as paraffinic hydrocarbon liquids, mineral oils and petrolatum. These are well known in the chemical and polymer arts 
and are available commercially. 

The oily phase may also comprises a volatile liquid having a normal boiling point less than 250°C., the volatile 
liquid being selected from methylsiloxane fluids having the average unit formula (CH3)aSi0^4.ay2 wherein a has an 
average value of from 2 to 3 inclusive. Preferred siloxane units are selected from the group consisting of (CH3)3SiOi/2. 
(CH3)2Si02/2, CH3Si03;2 Q^ci Si04;2 ^"'^S- Preferably, the volatile methylsiloxane fluid consists essentially of dimeth- 
ylsiloxane units, and optionally, trimethylsiloxane units. Of particular value as volatile liquid (A) are the cyclic siloxanes 
of the general formula ((CH)2SiO)b and the linear siloxanes of the general formula {CH3)SiO((CH3)2SiO)(;Si(CH3)3, 
and their mixtures, wherein b is an integer of from 3 to 6 and c is an integer of from 0 to 4. A highly preferred methyl- 
siloxane fluid is a mixture of said cyclic siloxanes wherein a major portion is tetramer (b = 4 or 5). 

Component B of the water-in-oil emulsions of the present invention is the discontinuous phase. Most preferably 
the discontinuous phase comprises water. 
5^ However, it is also contemplated that the discontinuous phase comprises liquid media other than water Suitable 

other liquid media are organic compounds such as alcohols, including methanol, ethanol, phenol, ethylene glycol, 
propylene glycol, glycerine, their partial ethers and partial esters; nitrogen compounds including amides such as for- 
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mamide, acetamide, N,N-dimethyl formamide and urea; nitriles such as acetonitrile, and annines and their salts; adids 
such as formic acid, acetic acid, benzoic acid, stearic acid and ethylene diaminetetraacetic acid; and ethers* such as 
furan, telrahydrofuran, dioxane, ethylene glycol dimethyl ether, propylene glycol dimethyl ether and their polVmeric 
forms such as triethylene glycol diethyl ether. Mixtures of any of the foregoing and mixtures of any of them with water 
5 are contemplated by the present invention. 

Emulsion compositions of this invention wherein the aqueous phase comprises water and/or ethanol are particularly 
useful. In common with oil-in-water emulsions, water-in-oil emulsions are desirable from an economic, safety and 
environmental viewpoint as a means of preparing, storing, shipping and using efficacious components. In a/aldition, 
emulsion compositions of aqueous or ethanol solutions have value as personal care compositions. 
10 It is further contemplated that the aqueous phase can comprise small amounts of additives, such as electrolytes, 

incorporated therein. Preferred is from 0.6 to 5 parts by weight of sodium chloride. 

The emulsions of the present invention may also comprise a wide variety of efficacious additives (D) for imparting 
desired characteristics on the emulsions depending upon the end use. Preferred additives are selected from the group 
consisting of an antiperspirant. a humectant, an insect repellent, an odorant, a deodorant, an emollient, an antiseptic, 
IS a sunscreen, a cleansing agent, a suitable pharmaceutical, a pigment, a biocide and mixtures of any of the foregoing. 

Preferred are sunscreens such as titanium dioxide and UVA and UVB type sunblocks. These and others are well 
known to those skilled in the art and are available commercially. Preferably the type and amount of sunscreen additives 
are sufficient to provide a sun protection factor of greater than 10. most preferably at least about 15. 

Also preferred are antiperspirant additives. Preferably the antiperspirant additive is a water soluble astringent 
20 antiperspirant agent. Examples of well known astringents include aluminum, hafnium and zirconium salts, such as 
zirconyl hydroxide halides, aluminum zirconium chloride, zirconium-aluminum lactate, basic aluminum hatides such 
as Al2(OH)5Cl, aluminum bromide and the several water, alcohol or glycine complexes thereof. 

The amount of astringent that is employed may vary widely and is not critical; however, certain practical limitations 
exist. On the one hand an efficacious antiperspirant composition would contain sufficient astringent to provide sweat 
2S reduction, although compositions containing less astringent are useful as personal care compositions. Preferably, the 
antiperspirant composition comprises approximately 1 5 - 30 weight percent astringent. On the other hand, it is desirable 
to maximize the amount of water in the antiperspirant formulation without negating utility, for obvious economic reasons. 
Depending on the particular astringent used, the amount of astringent may vary in concentration in the aqueous* phase 
from as little as one part by weight astringent per three parts by weight water up to a saturated aqueous solutbn of 
30 the astringent. 

The emulsions of the present invention are suitable for use^ without further processing, as a lotion, preferably 
packaged and dispersed as a roll-on antiperspirant composition. However, gel, aerosol and pump spray formulations 
may be prepared therefrom using well known adjuvants such as alcohols for gel formation and solvents to reduce the 
viscosity of the formulation less than 100 mPa.s (centipoise) at 25*C. for aerosol and pump spray use. 

35 The emulsions of the present invention may be prepared by mixing the proper portions of the individual components 

in any order. Although the compositions of the invention are delineated in terms of an aqueous solution (A) emulsified 
in a volatile liquid (B) using an emulsifier (C), the emulsions can be formed by preparing an aqueous phase, and by 
preparing an oily phase comprising the volatile liquid (B) and the emulsifier (C), and thereafter mixing the aqueous 
phase and the oily phase. Mixing may be done using standard emulsifying methods. Optionally, the emulsions may be 

40 further homogenized. It is also contemplated that a second conventional emulsifier may be added. 

The additive (D) is added either to the aqueous phase, as in the case of astringents, or to the oily phase, as in the 
caise of sunscreens, depending upon the type of additives as known to those skilled in the art. 

The amounts of components (A) and (B) that may be present in the emulsion compositions of the present invention 
may vary widely, and generally comprise, in total, from 99.5 to 91 percent by weight of the total weight of components 

45 (A) through (C). 

It is also contemplated that the emulsions of the present invention can be formulated into solid compositions, such 
as antiperspirant sticks. The solid forms of the emulsions of the present invention are generally prepared by the addition 
of an organic wax. 

Suitable organic waxes include mineral waxes, such as paraffin, etc.; vegetable waxes, such as carnauba, flax, 
so candelilla, etc.; and animal waxes such as bees wax. Chemically these waxes are branched or straight chain hydro- 
carbons, high molecular weight fatty acids, high molecular weight alcohols, or high molecular weight fatty acid esters. 
Characteristically waxes have low viscosities just above their melting point. For use herein, the waxes should have a 
melting point between 40° and 65°C. Such a melting point allows for proper application rates and prevents melting 
upon storage under ambient conditions. Preferably the organic wax is a mixture of waxes to control the hardness of 
55 the stick composition. Thus, a preferred organic wax is a mixture of a waxy ester for hardness, such as methyl hy- 
droxystearate, and a solid alkanol such as stearyl alcohol. Where such a mixture of waxes is used, the organic wax 
might contain 10 to 50 percent by weight solid alkanol and 50 to 90 weight percent waxy ester. Hardness is also greatly 
effected by the proportion of organic wax in the stick composition. Preferably, the continuous oil matrix contains 25 to 
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40 percent by weight organic wax. ' 

The antiperspirant stick is easily prepared by methods well known in the art. Herein, the methylsiloxane fluid, 
organic wax anfJ emutsifier of the present invention are all heated until ail components are liquid and then mixed. 
Generally the components will liquify between about 40 and 70°C. Subsequently, the water solution with active ingre- 

5 dient is warmed and emulsified into the molten wax as Is known. The warm emulsion is poured as close to solidification 
temperature as possible into molds and allowed to cool. The solid stick compositions containing the emulsifiers of the 
present invention have improved stability over those described in the prior art, are drier and do not require the addition 
of other surfactants although other surfactants can be employed if desired. 

The emulsions of the present invention may further comprise small amounts of non-essential components which 

10 are commonly used in the cosmetic art. Examples of such components include colorants; perfumes; viscosity control 
additives such as solvents or thickening agents for the continuous phase; and non-volatile organopolysiloxanes, such- 
as polydimethylsiloxanes having a viscosity of from 10 to 10,QipO mPa.s (centipoise) at 25**C. In the case of antiper- 
spirant sticks, talc may be preferably added. These additives may be added in greater or lesser amounts, depending 
on the needs of the individual user 

IS . 

DESCRIPTION OF THE PREFERRED EMBODIf^ENTS 

The following examples illustrate the present invention. They are not to be construed to limit the scope of the- 
appended claims in any manner whatsoever 

20 

EXAf\flPLE 1 

To a 3 liter pot is added 235 grams of hydride siloxane with average structure MD20M and 385 grams of toluene. 
The mixture is azeot roped dry. ' 
25 At 100°C, Pt catalyst (3% platinum content, chloroplatinic acid, See, United States Patent No, 3,220,972) was 

added (0.4 granis). To this is added 1 93 grams of decene-1 (1/2 the total amount) controlling the exotherm at 1 00-1 20*C. . 

Following the addition of decene-1, the mixture is cooled to less than 70'*C. To the cooled mixture is then added 
1 0 grams of 0.2 |i sodium acetate buffer solution. The mixture is then heated back to 90-1 00°C. 

At 100°C, 879 grams of a 50/50 mix of toluene and allyl initiated all ethylene oxide polyethen hydroxy capped of 
30 average 550 molecular 'weight is added over a 1 hour period. 

At the end of the allyl polyether addition, another 193 grams of decene-1 is added to complete the reaction. 

The entire reaction product is stripped to pot temperature of 130°C under nitrogen vacuum of 10 mm. The product 
is then filtered through Celite 545 diatomaceous earth (Johns Manville).. 

35 EXAMPLE 2 

The emulsifier prepared in Example 1 is employed in a water-in-oil emulsion. First the oil phase is prepared by 
mixing 17,0 parts by weight of a heavy mineral oil, 3.0 parts by weight of SF-1202 (a cyclomethyl siloxane fluid. General 
Electric Company), and 2.0 parts by weight of the emulsifier of Example 1 . 
^0 Second, the aqueous phase is prepared by mixing together 3.0 parts by weight of propylene glycol, 1.0 part by 

weight of sodium chloride and 74.0 parts by weight of water 

The oily phase is then added to the aqueous phase with high shear agitation. The emulsion formed is then milled 
in a Gifford-Wood homogenizer to increase stability. The resulting emulsion passed stability testing: 60 days at 40*0 
and 4 freeze/thaw cycles. 

45 

EXAMPLE 3 

An emulsion is prepared in the same procedure as in Example 2, except the oily and aqueous phases are varied. 
The oily phase comprises: 9.0 parts by weight of a light mineral oil; 6.0 parts by weight of isopropyl myristate. 3.0 parts 
50 by weight of petrolatum; and 2.5 parts by weight of the emulsifier of Example 1, The aqueous phase comprises: 5.0 
parts by weight of glycerine, 1.0 part by weight of sodium chloride and 73.5 parts by weight of water 
The emulsion formed is found to pass stability tests for 60 days at 40''C, and 4 freeze/thaw cycles. 

EXAMPLE 4 

55 

The emulsifier prepared in Claim 1 is employed in a water-in-oil sunscreen emulsion. The emulsion is prepared in 
the same manner as the emulsions of Claim 2. The oily phase consists of 7.5 parts by weight of 2-ethylhexyl p-meth- 
oxycinnamate (a UVB sunscreen); 5.0 parts by weight of menthyl-o-aminobenzoate (a UVA sunscreen); 3.0 parts by 
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weight of isopropyl myristale (an emollient); 4.0 parts by weight of mineral oil, 55-70 SUS (an emollient); 5.0 parts' by 
weight of SF-1202 (an emollient - cyclomethyl siloxane fluid, General Electric Company); and 2.0 parts by weight of 
the emulsifier of Claim 1 . • , ' 

The aqueous phase consists of 3.5 parts by weight of glycerine (a humectant); 1.0 parts by weight o1 sodium 
5 chloride (an electrolyte); and 69.0 parts by weight of water (a diluent). 

The resulting emulsion passed 60 days at 40°C stability testing. The resulting emulsion also passed stability testing 
at 4 freeze/thaw cycles. 

•i 

EXAf^PLE 5 

70 

The procedure of Example 4 is repeated to prepare a different water-in-oil sunscreen. ' ■ 

The oily phase consists of: 7.5 parts by weight of 2-ethylhexyl p-methoxycinnamate (UVB sunscreen); 5.0 parts 
by weight of menthyl-o-aminobenzoate (UVA sunscreen); 3.0 parts by weight of isopropyl myristate (emollient); 4.0 
parts by weight of mineral oil, 55-70 SUS (emollient); 7.0 parts by weight of SF-1202 (emollient - cyclomethyl siloxane 
IS fluid., General Electric Company); and 2.5 parts by weight of the emulsifier of Claim 1 . 

The aqueous phase consists of 3.0 parts by weight of glycerine (humectant); 1 .5 parts by weight of sodium chloride 
(electrolyte); and 66.5 parts by weight of water (a diluent). 

The resulting emulsion passed 60 days at 40°C stability testing. The resulting emulsion also passed stability testing 
at 4 freeze/thaw cycles. The statis SPF of the sunscreen was 9.8 when tested on 6 humans by standard SP^ deter- 
20 mination of sun protection products. 

EXAMPLE 6 

A water-in-oil sunscreen is prepared according to the procedure of Example 4 with a varied formulation*. • 
2S The oily phase consists ot: 7.5 parts by weight of 2-ethylhexyl p-methoxycinnamate (UvB sunscreen); 5.0 parts 

by weight of titariium dioxide (UVA/UVB sunblock); 4.0 parts by weight of isopropyl palmitate (emollient); 5.0 parts by 
weight of mineral oil, 55-70 SUS (emollient); 5.0 parts by weight of SF1202 (emollient - cyclomethyl siloxane fluid, 
General Electric Corripany); and 2.0 parts by weight of the emulsifier of Claim 1 . * 

The aqueous phase consists of 3.0 parts by weight of propylene glycol (humectant); 1 .0 parts by weight of sodium 
30 chloride (electrolyte); and 67.5 parts by weight of water (a diluent). 

The resulting emulsion passed 60 days at 40° C stability testing. The resulting emulsion also passed stability testing 
at 4 f reezeAhaw cycles. 

EXAMPLES 7-8 

3S 

Two water-in-oil sunscreens are prepared according to the procedure of Example 4. The compositional data for 
the two emulsions are set forth below in Table 1 : 



40 



45 
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TABLE 1 



5 



10 



20 



Example 


7 


8'- 


Function 


Oily phase 








2-Ethylhexyl p-melhoxycinnamate 


7.5 


7.5 


UVB sunscreen 


2-Hydroxy-4-nnethoxybenzophenone 


3.0 


3.0 


U V A / U V B sunscreen 


Isopropyl myristate 


6.0 


7.0 


Emollient 


Mineral Oil (55-70 SUS) 


6.0 


6.0 


Emollient 


or i^U^** 


o n 


o.u 


cmoiiieni 


Ganex V-220^ 




2.0 


Film lormer 


Titanium dioxide 


I 


3.0 


UVA/UVB sunscreen 


Emulsifiei* 


2.5 


2.5 


Emulsifier 


Aqueous Phase 








Propylene glycol 


3.0 


3:0 


Humectant 


Sodiurri chloride ■ 


1.5 


1.5 


Electrolyte 


Water 


68.5 


61.5 


Diluent 



^ = Cyclomethy! siloxane fluid, General Electric Company 
^ = PVP/EICOSENE Copolymer , GAF Corporation 
c ='Cbpotymeric emulsifier of Example 1 



Both formulations, Examples 7 and 8, passed 60 days at 40^*0 stability testing. The formulation of Example 7 was 
static tested for SPF on six humans by standard SPF* determination of sun protection products. The resulting SPF 
obtained was 15.3. 

EXAMPLE 9 

The procedure of Example 4 was followed, varying the formulation, to prepare a sunscreen water-in-oti emulsion. 

The oily phase consisted of: 7.5 parts by weight of 2-ethylhexyl p-methoxycinnamate (UVB sunscreen); 4.0 parts 
by weight of 2-ethylhexyl salicylate (UVB sunscreen); 2.0 parts by weight of 2-hydroxy-4-methoxyben20phenone (UVA/ 
UVB sunscreen); 8.0 parts by weight of myristyl propionate (emollient).; 7.0 parts by weight of SF1202 (emollient - 
cyclomethyl siloxane fluid, General Electric Company); and 2.5 parts by weight of the emulsifier of Example 1. 

The aqueous phase consisted of 3.0 parts by weight of propylene glycol (humectant); 1 .5 parts by weight of sodium 
chloride (electrolyte); and 64.5 parts by weight of water (diluent). 

The sunscreen emulsion passed 60 days at 40'*C stability testing, and passed stability testing at 4 freeze/lhaw 
cycles. 



Claims 

1. A silicone polyether alkyi copolymer water-in-oil emulsifier of the general formula: 
wherein 

M represents trimethylsiloxy endcapping units; 

D' represents alkyl siloxy units of the general formula (CH3)R'Si02/2 where R' is an alkyI group having from 6 
to 30 carbon atoms; 

D" is an oxyalkylene siloxy unit of the general formula (CH3)R2Si02/2 where R^ is a polyoxyalkylene ether 
residue of the formula -(R^)p - (OR3)n-OR5 wherein each individual R^ is an alkylene radical having from 2 to 
6 carbon atoms, R^ is an alkylene radical having from 2 to 20 carbon atoms, R^ is hydrogen or a hydrocarbon 
radical of from 1 to 12 carbon atoms, n has a value of from about 5 to 20. and p has a value of zero or 1 , 
x is from 1 to 29, and 
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y is from 1 to 29; 

with the proviso that x + y is from 2 to 30. ' ^ 

A copolymer as defined in Claim 1 , wherein R' is an alkyi group of from 8 to 18 carbon atoms. 

A copolymer as defined in Claim 2, wherein R' is and alkyI group of 10 carbon atoms and D' represents rriethyl 
decylsiloxy units. 

I 

A copolymer as defined in Claim 1. wherein D' represents methyl polyethoxy stioxy units. 

A process for preparing a silicon polyether/alkyi copolymer comprising the steps of: ' 

(a) reacting a silicone hydride fluid of the formula: 

MD^M (I) 

wherein M represents trimethylsiloxy units, D represents methylhydrosiloxly units and q is from 2 to 30, with 
a first portion of an alpha olefin of from 6 to 30 carbon atoms to form a compound of the formula: , 

MDq.fD'jM , (II) 

wherein M, D and q are as above defined; and D' represents and alkylmethylsiloxy unit of the formula CHgR'SiO 
wherein R' represents an alkyI radical of from 6 to 30 carbon atoms, and f is from 1 to 29; 

(b) reacting the compound of formula (II) with an allyl polyether of from 2 to 1 2 carbon atoms toiorm a compound 
of the formula: , 

MDq.f.yD',D-yM (111) 

wherein M, D, D', q and f are as above defined and D" represents an oxyalkylene siloxy unit of the general 
formula (CH3)R2Si02/2 where R^ is a polyoxyalkylene ether residue of the formula -(R^)p - (0R3)„-0R5 wherein 
each individual R^ is an alkylene radical having from 2 to 6 carbon atoms, R^ is an alkylene radical having 
from 2 to 20 carbon atoms, R^ is hydrogen or a hydrocarbon radical of from 1 to 12 carbon atoms, n has a 
value of from about 5 to 20, and p has a value of zero or 1 , and y is from 1 to 29; and 

(c) reacting the compound of formula (III) with a second portion of said alpha olefin to form a compound of the 
formula 



MD' D" M (IV) 

* y 

wherein M, D', D" and y are as defined above, and x is from 1 to 29 and is equal to q-y; and wherein said steps 
(a), (b) and (c) are carried out in the presence of a small effective amount of a catalyst for effecting said 
reactions. 

A process as defined in Claim 5, wherein said alpha olefin has from 8 to 15 carbon atoms and R' represents an 
alkyI radical of from 8 to 18 carbon atoms. 

A process as defined in claim 5 or Claim 6, wherein q is an integer of from 15-25, x is an integer of from 1 to 20, 
and y is an integer of from 1 to 20. 

A water-in-oil emulsion comprising: 

(A) from 10 to 50 parts by weight of an oily phase; 

(B) from 40 to 80 parts by weight of a discontinuous phase; and 

(C) from 1 to 15 parts by weight of the silicon polyether alkyI copolymer emulsifiers as defined in any one of 
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5 



10 



25 



30 



35 



40 



45 



Claims 1 to 4. 

9. A water-in-ioil emulsion as definqd in Claim 8, wherein phase (B) comprises water 
Patentanspruche 

1 . W/O-Emulgator aus Silicon-Polyether-Alkylcopotymer der allgemeinen Formal: 



MD' D" M 

* y 



vyonn 

15 M Trimethylsiloxy-Endgruppen; 

D' Alkylsiloxy-Einheiten der allgemeinen Formel (CH3)R'Si02/2. reprasentiert^ worin R' eine Alkylgruppe mil 6 
bis 30 Kohlenstoffatomen ist; 

D" eine Oxyalkylensiloxy-Einheit der allgemeinen Formel (CH3)R2Si02/2 ist, worin R2 ein Polyoxyalkylene- 
therrest der Formel -(FH)p-(OR3)„-OR5 ist, worin jedes einzelne R^ ein Alkylenrest mir 2 bis 6 Kohlen^totfato- 
20 men, R^ ein Alkylenrest mit 2 bis 20 Kohlenstoffatomen. R^ Wasserstofl oder ein Kohlenwasserstoffrest it 1 

bis 12 Kohlenstoffatomen ist, n einen Wert von etwa 5 bis 20 und p einen Wert von 0 oder 1 hat, 
X 1 bis 29 und y 1 bis 29 ist, unter der Bedingung, daf3 x + y 2 bis 30 ist. ' 



2. Copolymer nach Anspruch 1, worin R' eine Alkylgruppe mit 8 bis 18 Kohlenstoffatomen ist. 

3. Copolymer nach Anspruch 2, worin R' eine Alkylgruppe von 10 Kohlenstoffatomen ist, und D' Methyldecylsiloxy- 
Einhelten reprasentiert. 

4. Copolymer nach Anspruch 1, worin D' Methylpolyethoxysiloxy-Einheiten reprasentiert. 

5. Verfahren zum Herstellen eines Silicon-Polyether/AIkyl-Copolymers, umfassend die Stufen: 

(a) Umsetzen einer Siliconhydrtd-Flussigkeit der Formel 

MDjjM (I) 

worin M Trimethylsiloxy-Einheiten, D Methylhydrogensiloxy-Einheiten reprasentiert und q 2 bis 30 ist, mit ei- 
nem ersten Teil eines a-Olefins mit 6 bis 30 Kohlenstoffatomen zur Bildung einer Verbindung der Formel: 

MDq.,D',M (II) 

worin M, D und q die oben genannte Bedeutung haben, und D' eine Alkylmethylsiloxy-Einheit der Formel 
CHgR'SiO reprasentiert, worin R' ein Alkylrest mit 6 bis 30 Kohlenstoffatomen und f 1 bis 29 ist; 

(b) Umsetzen der Verbindung der Formel (II) mit einem Allylpolyether mit 2 bis 12 Kohlenstoffatomen zur 
Bildung einer Verbindung der Formel: 



50 MD^.^.yD',D-yM (III) 

worin M, D, D* q und f die oben genannte Bedeutung haben, und D" eine Oxyalkylensiloxy-Einheit der allge- 
meinen Formel (CH3)R2Si02/2 reprasentiert, worin R2 ein Polyoxyalkylenetherrest der Formel -(R^)p-(OR3)^- 
ORS ist, worin jedes einzelne R^ ein Alkylenrest mir 2 bis 6 Kohlenstoffatomen. R"* ein Alkylenrest mit 2 bis 
20 Kohlenstoffatomen, R^ Wasserstoff oder ein Kohlenwasserstoffrest it 1 bis 12 Kohlenstoffatomen ist. n 
einen Wert von etwa 5 bis 20 und p einen Wert von 0 oder 1 hat, und y von 1 bis 29 ist und 
(c) Umsetzen der Verbindung der Formel (III) mit einem zweilen Teil des a-Olefins zur Bildung einer Verbindung 
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der Forme! ' 

MD'^D"yM . (IVj 

worin M. D', D" und y die oben genannte Bedeulung haben, und x von 1 bis 29 und gleich q-y ist, und worin 
die Stuten (a), (b) und (c) in Gegenwart einer klelnen, wirksamen Menge eines Katafysators fur diese Reak- 
tionen ausgefuhrt werden. * 

6. Verfahren nach Anspruch 5, worin das a-Olefin von 6 bis 15 Kohlenstoftalome aufweist und R' eine Alkylgruppe 
nnil8 bis 18 Kohlenstoflatomen reprasentiert. 

7. Verlahren nach Anspruch 5 oder 6, worin q eine ganze Zahl von 15 bis 25, x eine ganze Zahl von 1 bis 20 und.y 
eine ganze Zahl von 1 bis 20 ist. 

8. W/O- Ennuis ion, umfassend: 

(A) von 10 bis 50 Gewichtsteile einer Olphase; 

(B) von 40 bis 80 Gewichtsteile einer nicht zusammenhangenden Phase und , 

(C) von 1 bis 15 Gewichtsteile der Emulgatoren aus Silicon-Polyether-Alkytcopolymer, wie sie in einem der 
Anspruche 1 bis 4 definiert sind. 

9. W/O-Emulsion nach Anspruch 8, worin die Phase (B) Wasser umfa3t. 



Revendications ' 

1. Emulsifiant de type copolynnere silicone/polyether alkyle pour emulsions de type eau dans I'huile, qui r6pond a la 
tormule g6nerale : 

MD'^D'yM 

dans laqueile : 

M represenle des motifs terminaux bloquants trim6thylsiloxy ; 

D' repr6sente des motifs alkylsiloxy de formule g6n6rale (CH3)R'Si02/2 dans laqueile R^ repr6sente un groupe 
alkyle comportant de 6 a 30 atomes de carbone ; 

D" repr6sente un motif oxyalkylenesiloxy de formule generate (CH3)R2Si02/2 dans laqueile R^ repr6sente un 
r6sidu poly(oxyalkylene)-6ther de formule -(R^)p-(OR2)n-ORS dans laqueile chaque symbole R^ repr^sente 
un radical alkylene comportant de 2 a 6 atomes de carbone, R^ repr6sente un radical alkylene comportant de 
2 ^ 20 atomes de carbone, R^ repr6sente un atome d'hydrogene ou un radical hydrocarbon6 comportant de 
1 a 12 atomes de carbone, n a une valeur d'environ 5 a 20, et p a une valeur de 0 ou de 1, 
X vaut de 1 a 29, et 

y vaut de 1 ^ 29. ^ condition que x+y vaille de 2 ^ 30. 

2. Copolymere conforme k la revendication 1, dans lequel R' represente un groupe alkyle comportant de 8 & 18 
atomes de carbone. 

3. Copolymere conforme k la revendication 2, dans lequel R' represente un groupe alkyle comportant 10 atomes de 
carbone et D' represente des motifs methyld^cylsiloxy. 

4. Copolymere conforme a la revendication 1, dans lequel D" represente des motifs methyl(polyethoxy)siloxy. 

5. Proc6d6 pour preparer un copolymere silicone/poly6ther alkyl6, comprenant les 6tapes qui consistent & : 

(a) faire reagir un flulde hydrogenosilicone r^pondant a la formule : 
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IS 



20 



25 



MDqM (I) 

dans laquelle M repr6sente des motifs trinn6thylsiloxy, D repr6sente des motifs m6thylhydrog6nosiloxy et q 
vaut de 2 a 30, avec une premiere portion d'une a-olefine qui comporte de 6 a 30 atomes de carbone pour 
former un composd qui r6pond h la formule : * ■ 

m^,p\U * (II) 

dans laquelle M, D et q sont tels que d6finis ci-dessus ; et D' repr6sente un motif alkylm6thylsiloxy de formule 
CHgR'SiO dans laquelle R' reprdsente un radical alkyte comportant de 6 ^ 30 atomes de carbone et f vaut de 
. ' 1 ^ 29 ; 

(b) faire r6agir le compost repondant a la formule (II) avec un allylpolyether comportant de 2 ^ 12 atomes de 
carbone pour former un compose r6pondant k la formule : 

IVID^.,.yD',D-yM (III) 

dans laquelle M, D, D', q et t sont tels que d^tinis et D" repr6sente un motif oxyalkyldnesiloxy de formule 
generate (CH3)R2Si02/2 dans laquelle R2 represents un residu poly(oxyalkylene)-6ther de formule -(R^)p- 
(OR3)n-OR5'dans laquelle chaque symbole R^ repr^sente un radical atkyl^ne comportant de 2 d 6 atomes de 
carbone, R^ represente un radical alkylene comportant de 2 a 20 atomes de carbone, R^ repr6sente ph atpme 
d'hydrogene ou un radical hydrocarbone comportant de 1 a 12 atomes de carbone, n a une valeur d'isnviron 
5 ^ 20, et p a une valeur de 0 ou de 1 , et y vaut de 1 ^ 29 ; et ^ 

(c) tatre reagir le compose repondant a la formule (III) avec la deuxieme portion de ladite a-ol6fine pour former 
un compose repondant a la formule : 

30 IVID' D" M (IV) 

X y 

dans laquelle M, D', D" et y sont tels que definis ci-dessus et, x vaut de 1 a 29 et est egal ^ q-y ; et dans lequel 
on eff ectue lesdites etapes (a), (b) et (c) en presence d'une petite quantity efficace d'un catalyseur pour r^aliser 
lesdites reactions. 

35 

6. Precede conforme a la revendlcation 5, dans lequel ladite a-otefine comporte de 8 a 15 atomes de carbone et R' 
repr6sente un radical alkyle comportant de 8 ^ 18 atomes de carbone. 

7. Procede conforme k la revendication 5 ou 6, dans lequel q est un nombre entier de 15 a 25, x est un nombre entier 
de 1 ^ 20, et y est un nombre entier de 1 ^ 20. 

8. Emulsion de type eau dans I'huile comprenant : 

(A) de 10 a 50 parties en poids d'une phase huileuse, 

(B) de 40 k 80 parties en poids d'une phase discontinue, et 

(C) de 1 a 15 parties en poids d'emulsifiants de type copolymere silicone/polyether alkyld tel que d6fini dans 
Tune quelconque des revendications 1^4. 

9. Emulsion de type eau dans I'huile conforme a ta revendication 8, dans laquelle (B) comprend de I'eau. 
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